A new organic potential nonlinear optical (NLO) material 1-(3,4-dimethoxyphenyl)-3-(3-fluorophenyl) prop-2-en-1-one (DMP3FP) is crystallized in acetone. The single crystal X-ray diffraction data shows that material crystallizes into centro-symmetric orthorhombic space group Pbca with a = 15.6552(6) Å, b = 8.5571(3) Å, c = 20.7697(7) Å. The functional groups in DMP3FP molecule are identified by Fourier Transfer Infrared (FTIR) spectra. The thermal stability and melting point are determined using thermo gravimetric analysis/differential thermal analysis (TGA/DTA). Using UV Visible spectral studies direct band gap energy of the crystal is determined to be 3.19 eV. The nonlinear absorption coefficient and optical power limiting of the crystal was studied using Z-scan technique. The crystal exhibits a self-focusing effect at a wavelength of 532 nm showing optical limiting and reverse saturable absorption by having excited state absorption coefficient greater than ground state absorption coefficient.
Introduction
Materials exhibiting nonlinear optical (NLO) properties have potential applications in the field of photonics. Organic materials exhibiting two photon absorption (TPA) are of practical importance in applications such as frequency up lasing, multi photon microscopy, three dimensional fluorescence imaging, eye and sensor protection and optical signal reshaping etc., [1] [2] [3] [4] [5] . The failure of symmetry carry-over from molecule to crystal is one of the features of NLO material [6] . Also the strength of electron acceptor/donor groups, molecular symmetry, molecular planarity and conjugation length etc. are the other parameters which affect the NLO property [7] . The NLO efficiency of organic molecules can be enriched by adopting suitable design strategies discussed in the literature [8, 9] . Chalcones are promising NLO materials among the organic molecules because of their good optical power limiting (OL) property and third-order nonlinearity [10, 11] . Since p conjugated systems are observed in chalcones, they lead to overlapping of p orbital and delocalization of electronic charge distribution and high mobility of the electron density [12] . A. J. Kiran et al. [13] reported five derivatives of dibenzylideneacetone with very high third order optical nonlinearities of the order of 10 À11 esu. By substituting t-butyl, t-butoxy, and dimethylamine electron donor groups to halogenated oligomers, M.B. S. Costa et al. [14] . Materials showing two photon absorption and third order optical nonlinear properties were investigated by Ting chao He et al. [15] , Bing Gu et al. [16] , Anthoni P. M. et al. [17] . In the process of ongoing research activity of our group [18] [19] [20] to investigate NLO materials, a new material 1-(3,4-dimethoxyphenyl)-3-(3-fluorophenyl)prop-2-en-1-one is (DMP3FP) synthesized and crystallized. The crystal exhibits third order nonlinear optical properties such as nonlinear absorption (NLA) and OL behavior.
In this article, we report the details of synthesis and characterization of a new NLO material DMP3FP with reverse saturable absorption (RSA) property.
Synthesis, solubility and crystal growth
The DMP3FP is synthesized by standard Claisen Schimidt condensation method [21, 23] . 1-(3,4-Dimethoxyphenyl) ethanone (0.01 mol) and 3-fluorobenzaldehyde (0.01 mol) was used to prepare DMP3FP. The mixture was dissolved in 30 ml methanol to which a small amount of catalytic sodium hydroxide was added drop-wise with dynamic stirring. The reaction mixture was stirred for about 8 h at ambient temperature and the progress of the reaction was monitored by Thin Layer Chromatography. The reaction products were filtered, washed repeatedly with pure double distilled water and recrystallized. The purity of the synthesized material was confirmed by TLC using Merck silica gel 60 F254 coated aluminum plates. The reaction scheme is shown in Fig. 1 . Solubility of the DMP3FP was measured by following the procedure and the solubility percentage (wt%) can be determined using the formula [24] . The solubility process was repeated several time to get the more accurate results at various temperatures in acetone. The solubility of DMP3FP was measured in acetone as a function of temperature is shown in Fig. 2 .
Solubilityðwt%Þ ¼
Weight of Solute Weight of ðSolute þ SolventÞ Â 100 DMP3FP single crystals were grown using the slow evaporation technique at constant temperature. A saturated solution of the in acetone was prepared and heated slowly to get a homogeneous mixture. The solution was filtered to remove unwanted impurities present and was kept undisturbed for a period of one week. The beaker mouth was covered with filter paper containing very small holes to avoid fast evaporation. The defect free seed DMP3FP crystals obtained was used for growing bulk crystals. The grown crystals are shown in Fig. 3 .
Characterization

CHNS analysis
Elemental analysis was carried out using CHNS analyzer. The elemental percentage compositions (carbon, hydrogen) of determined by the experiment are in good agreement with the calculated values and they are presented in Table 1 .
Fourier Transform Infrared (FTIR) spectroscopy
FTIR spectrum of crystals is presented in Fig. 4 . In DMP3FP, the absorption band at 1652 cm À1 corresponds to C@O stretching.
Aromatic C-H Stretching, @CAH stretching and aliphatic C-H Stretching are assigned to absorption band at 3008 cm À1 , 2974 cm À1 and 2841 cm À1 respectively. The band at 1418 cm À1 is due to C-H deformation. The C-H out of plane bending is observed at 850 cm À1 . The presence of functional group fluorine is confirmed by the band C-F stretching band at 1256 cm
À1
.
Single crystal X-ray analysis X-ray diffraction data were collected by the instrument Bruker AXS Smart Apex II Single Crystal Diffractometer, using a graphite monochromated Mo-K a radiation of wave length 0.71073 Å. The Selected single crystal of DMP3FP was cut into a desired size and was mounted on glass fiber with epoxy cement for the crystallographic study. Crystal structure was studied by Direct method [25] . The empirical absorption corrections were carried out using the SADABS program [26] . The X-ray structure was solved by direct method and all the non-hydrogen and hydrogen atoms were found in difference electron density maps. Using the SHELXTL program package the atomic coordinates and anisotropic temperature factors for non-hydrogen atoms were refined by full-matrix least square method [25] .
DMP3FP crystallizes in centrosymmetric orthorhombic space group Pbca. The dimethoxyphenyl ring is inclined at an angle of 20.72 (12)°with respect to the fluorophenyl ring (Fig. 5 ). In the AC(@O)AC@CA bridge, the carbonyl group adopts an s-cis conformation with respect to the olefinic double bond as indicated by a torsion angle of À2.7(4)°. The fluoro atom shows positional disorder over two positions with a refined occupancy ratio of 0.940 (4):0.060 (4). In the crystal (Fig. 6a) , the molecules are joined together by a bifurcated CAHÁ Á Á(O,O) hydrogen bond and other two intermolecular CAHÁ Á ÁO hydrogen bonds (Table 4a) into twodimensional sheets parallel to bc plane. The fluoro atom is disordered over two positions with a refined site-occupancies ratio of 0.940(4):0.060(4). The CAF bond lengths for both major and minor disorder components are restrained to be equal with the use of SADI instruction.
In order to check the crystallinity and phase purity, the powder X Ray Diffraction pattern for DMP3FP were recorded using Rigaku table top powder X-ray diffractometer, at a scan rate of 1 0 per minute. Using MERCURY software the simulated powder XRD pattern was obtained [27] . The hkl values are indexed using software Powder X by providing the lattice parameters values which are obtained from experimental single crystal X-ray Diffraction data [28] . Experimental powder XRD pattern was also collected for the DMP3FP. The comparison of powder diffraction pattern and simulated pattern is shown in Fig. 7 .
The experimental results of crystal data, data collection and structure refinement are presented in Table 2 and Hydrogenbond geometry is presented in Table 3 . Tables 3 is obtained 
Linear absorption spectroscopy
Linear optical studies were carried out using Shimadzu 1800 UV-Visible spectrophotometer. Fig. 8 shows the linear absorption spectrum of DMP3FP in dimethylformamide (DMF). The maximum peak absorption in the resulted spectrum may be due to spectroscopic transitions n-p ⁄ , p-p ⁄ and can be credited to excitation of aromatic rings or carbonyl group present in the DMP3FP molecule [29] . The optical band gap was calculated from the linear absorption spectrum of DMP3FP using Tauc's relationship as follows [30] ahm ¼ a 0 ðhm À E g Þ n The values of n for direct allowed, indirect allowed, direct forbidden and indirect forbidden transitions are 1/2, 2, 3/2 and 3, respectively. After the plotting with all power probabilities of n = 1/2, n = 2, n = 3/2 or n = 3 versus the photon energy (hm) for DMP3FP, the results showed the most satisfactory plot is that when n = 1/2 Therefore, Tauc's relation is in the form of (ahm) 2 = a 0 (hm À E g ) for direct allowed band gap. A graph between incident photon energy (hm) and (ahm) n is known as Tauc's plot [31] . A Tauc's plot (inset of Fig. 8 Fig. 4 . FTIR spectrum of DMP3FP crystals. Fig. 5 . The molecular structure of the DMP3FP with 50% probability displacement ellipsoids with atom labeling.
In Table 4 the band gap energy of DMP3FP crystals are compared with the other reported NLO materials.
Thermal analysis
TGA and DSC are significant techniques used to study the thermal behavior of the NLO materials. TGA-DSC thermograms of DMP3FP are shown in Fig. 9 . The analysis was performed for the grown crystal using a SDT-Q600 Simultaneous TGA/DSC Analyzer at a heating rate of 20°C min in the temperature range 30-650°C in air atmosphere to determine the thermal stability of the grown crystals The endothermic peak at 113°C in the DSC curve represents the melting point of the crystal. TGA graph shows that absence of phase transition below the melting point temperature 113°C and DMP3FP can be utilized to device application below this temperature. The melting point of the material is compared (Table 5 ) with that of reported material. Table 3 Hydrogen-bond geometry (Å,°) DMP3FP. 
Non linear optical studies
Nonlinear absorption A single beam Z-scan technique [43] in the open aperture (OA) mode is used to study the third order NLA properties of the DMP3FP. This technique enables us to estimate nonlinear absorption coefficient (b). A solution of concentration 0.02 mol/L is prepared by dissolving DMP3FP crystals in research grade DMF. The sample solution is taken in a quartz cell of thickness 1 mm. The cell is scanned along optic axis (Z-axis) through the focus of a Gaussian laser beam. A converging lens of focal length 215 mm is used to focus the beam. The laser beam waist at the focused spot corresponds to Rayleigh length of 2.56 mm. Transmitted intensity from the cell was monitored at far-field as a function of position, while the cell is scanned. A Q-switched Nd-YAG laser which produces 5 ns pulses at 532 nm and at a pulse repetition rate of 10 Hz is used in the experiment to produce laser pulses. Laser probe energy meter and pyroelectric detector were used to measure the light intensity at the far-field position while, a computer controlled stepper motor was used to translate the cell along Z-axis.
The experimental OA Z-scan curve for the sample is shown in Fig. 10 . The transmitted intensity shows a valley corresponding to the minimum intensity at the focus. The NLA coefficient b eff is obtained by fitting normalized transmittance using the Eq. (1) available in the literature [44] . Table 4 Comparison of band gaps with other NLO materials.
NLO materials Band gap (eV)
1-(4-Methylphenyl)-3-(4-N, N dimethyl amino phenyl)-2-propen-1-one [33] 2.40 Urea Picrate [34] 2.5 1-[4-(methylsulfanyl) phenyl]-3-(4-nitrophenyl) prop-2-en-1-one [35] 3. 06  1-(4-methylthiophenyl)-3-(4-methoxyphenyl) prop-2-en-1-one [36] 2.61 Fig. 9 . TGA-DSC thermograms of DMP3FP. 
where x = z/z 0, z is the position of the sample, z 0 is the Rayleigh length and q 0 is obtained from Table 6 for the experimental sample. We observe that a ex, is greater than r g which is the requirement for RSA.
Optical power limiting studies
The optical power limiting property of the DMP3FP crystal was studied by OA Z-scan technique [46] . In this experiment, Nd:YAG laser beam operating at 532 nm was focused normally onto a quartz cell containing the sample solution of DMP3FP, by a convex lens of focal length of 215 mm. The sample could be moved back and forth along the optic axis with respect to the focus. The transmitted intensity from the quartz cell was made to fall on a pyroelectric detector. By varying the intensity of the input laser beam the corresponding output intensity from the cell were measured using the pyroelectric detector. The graph representing the variation of the transmitted energy with the variation in input energy is shown in Fig. 11 . From the graph it is inferred that, the transmittance energy from the sample exhibits linear behavior with the lower incident intensity following the Beer's law. However, after a threshold value of input energy linearity deviates, since the molecules absorb more energy showing a optical power limiting behavior. The data indicates that DMP3FP crystals are good opticallimiting materials. OA Z-scan is repeated for various input irradiance and NLA coefficient (b) was determined. The experimental results are plotted in the Fig. 12 . The decrease in b value for increasing input irradiance confirms the optical power limiting is due to RSA.
Structure property relationship
The -OCH 3 present at ortho and meta positions of benzoyl ring as well as a fluorine atom attached to the meta position of phenyl ring act as electron donors where as the carbonyl group present at the centre will accept electrons. This will result a D-p-A-p-D configuration. Hence length of charge transfer axis is less and the effective charge transfer is hindered in the molecule. This resulted in lower value of nonlinear susceptibility.
Conclusions
The new NLO optical chalcone derivative 1-(3,4-dimethoxyphe nyl)-3-(3-fluorophenyl)prop-2-en-1-one was synthesized and single crystals of this compound was successfully grown by the slow evaporation solution growth technique at ambient temperature using acetone solvent. The functional groups of the crystal were confirmed by FT-IR spectroscopy. The single-crystal XRD studies were carried out to determine the unit cell parameters. The UVVis spectrum reveals that, in the crystal, the absorption takes place in the UV region and the crystal is transparent in the entire visible and infra red region. The Open aperture Z-scan measurement at 532 nm wavelength indicated that the sample exhibit good nonlinear optical properties. b eff , r g , r ex figure of merit and Img v (3) value for the compound were found be 2 cm/GW, 0. 
